ABSTRACT. Behavioral effects induced by intravenous administration of morphine at 0.3, 0.6, 1.2, and 2.4 g/kg and fentanyl at 5, 10, 20, and 40 g/kg were evaluated in dogs and cats. In dogs, fentanyl and morphine depressed activity and level of consciousness in a dosedependant manner. In cats, higher doses of fentanyl stimulated activity temporarily, but excitement, so-called "opioid mania," was not observed. Morphine induced distinctive behavioral changes characterized by sitting with fixed staring, and "opioid mania" was not observed in cats. Mu-Opioid receptor agonists such as morphine and fentanyl are potent and effective analgesics for severe pain. Therefore, these opioids are widely used in various animal species [13] . However, many veterinarians are reluctant to use opioids in cats because of concerns of secondary excitement and low reliability [3, 8, 9] . Excitement and aggressive responses induced by high doses of opioids in cats are referred as opioid mania and are some of the most concerning side effects of opioids [1, 2, 8] . Some veterinarians are afraid that opioid mania may even occur in cats at the doses appropriate for dogs. To avoid these undesirable side effects, lower doses of opioids are usually recommended for cats compared with those recommended in dogs [13] . However, there are few reports about the actual behavioral effects or opioid mania induced by opioids in cats, especially by fentanyl [1, 2, 6] . In this study, we evaluated the behavioral effects induced by fentanyl and morphine at clinical or supraclinical doses in cats compared with those in dogs.
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Six healthy beagles and 6 healthy cats were used in this study. They were used repeatedly in a random order. The dogs weighed 11.5 ± 1.9 kg and were 5.6 ± 0.6 years old. The cats weighed 4.3 ± 0.6 kg and were 3.3 ± 0.3 years old. At least 7 days were allowed to pass when using the same animal repeatedly. The same animal was not given the same treatment more than once. Food was withheld for 12 hr before each experiment, but water was freely available. This study was approved by the Animal Care Committee of the Graduate School of Agricultural and Life Sciences at the University of Tokyo. Experiments were performed in a quiet room. After placement of a catheter in the cephalic vein for drug administration and measurement of the baseline heart rate (HR) and respiratory rate (RR), animals were given 1 of the following treatments: (1) saline or (2) morphine (morphine, Daiichi Sankyo Propharma Co., Ltd., Tokyo, Japan) at 0.3, 0.6, 1.2, and 2.4 mg/kg, or (3) fentanyl (fentanyl, Daiichi Sankyo Propharma Co., Ltd.) at 5, 10, 20, and 40 g/kg. The calculated dose of drug was diluted with saline to 0.8 ml/kg. Behavioral effects were assessed by changes in locomotor activity and posture for 120 min after drug administration. Vomiting, changes in pupil size and euphoria were also recorded. The end point of the change in locomotor activity was documented as normal, increased, or decreased. The end point of the change in posture was documented as normal, sternal recumbency, or lateral recumbency. HR and RR were measured 5, 10, 20, 30, 40, 50, 60, 90 and 120 min after drug administration. The mean baseline and after drug administration values of HR and RR were compared by Dunnett's test. A P value below 0.05 was considered to be statistically significant.
Intravenous administration of saline did not induce any behavioral changes in dogs and cats. The results regarding behavioral changes are shown in Table 1 . Morphine depressed locomotor activity in 2 or 3 dogs at the lower doses (0.3 and 0.6 mg/kg) for 60 to 70 min and in all dogs at higher doses (1.2 and 2.4 mg/kg) for 90 to 120 min. One dog became sternally recumbent at the lower doses of morphine (0.6 mg/kg) for 30 min and 3 dogs became sternally recumbent at the higher doses of morphine (1.2 mg/kg) for 50 to 100 min. All dogs became sternally or laterally recumbent and appeared to lose consciousness at the highest doses of morphine (2.4 mg/kg) for 55 to 120 min. These changes in activity followed by postural changes occurred within 5 * CoRRESPONDENCE TO: NISHIMURA, R., Laboratory of Veterinary Emergency Medicine, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan. e-mail: arn@mail.ecc.u-tokyo.ac.jp ©2012 The Japanese Society of Veterinary Science min after drug administration. Vomiting was observed within a few minutes after morphine administration in 1 dog at the lower doses (0.3 and 0.6 mg/kg) and in 2 or 3 dogs at the higher doses (1.2 and 2.4 mg/kg). Respiratory depression (decrease in RR and shallow respiration) without cyanosis was observed in 1 or 2 dogs at the 3 lower doses of morphine (0.3, 0.6 and 1.2 mg/kg) and in all dogs at the highest dose of morphine (2.4 mg/kg; Table 2 ). Locomotor activity decreased in 4 to 6 cats at all doses of morphine, and a distinctive behavior change, sitting with fixed staring, was observed. Cats remained conscious and mostly sat immobile during the observation period. When the observer approached, euphoric behaviors, such as purring, rolling, and rubbing their heads against the floor, were observed in 3 cats at the lowest dose of morphine (0.3 mg/kg) and in all cats at the 3 higher doses of morphine (0.6, 1.2, and 2.4 mg/ kg). Mydriasis was observed in all cats immediately after drug administration until the end of the observational period at all doses of morphine. Vomiting and respiratory depression were not observed in any cat. Fentanyl depressed locomotor activity in 2 dogs at the lower doses (5 and 10 g/kg) for 10 to 20 min, in 4 dogs at the higher dose (20 g/kg) for 15 to 30 min and in all dogs at the highest dose (40 g/kg) for 20 to 60 min. Of the 6 dogs, 1 or 2 became sternally recumbent at the lower doses of fentanyl (5 and 10 g/kg) for 5 to 10 min, while 4 dogs became sternally recumbent at the higher dose of fentanyl (20 g/kg) for 5 to 20 min and all dogs became sternally or laterally recumbent and appeared to lose consciousness at the highest dose of fentanyl (40 g/kg) for 20 to 40 min. After administration of fentanyl, changes in activity followed by postural changes occurred within 2 min. Vomiting was not observed in dogs. Respiratory depression was observed 1 to 2 min after drug administration in 5 or 6 dogs at the higher doses of fentanyl (20 and 40 g/kg), and all dogs became cyanotic at the highest dose of fentanyl (40 g/ Data are shown as means  SD. * Significantly different from the baseline value (P<0.05).
kg) for 10 to 20 min (Tables 1 and 3 ). Locomotor activity increased in 2 or 3 cats at the lower doses of fentanyl (5 and 10 g/kg) and in all cats at the higher doses of fentanyl (20 and 40 g/kg); this was accompanied by restlessness and running and jumping around the room. These behavioral changes occurred immediately after drug administration and ceased within 5 min. Excitement and aggressive responses were not observed when handling. After temporal increases in locomotor activity, 3 or 4 cats showed euphoric behaviors. Administration of the lower doses of fentanyl (5 and 10 g/kg) also induced euphoric behaviors in 2 or 3 cats. None of the cats became sternally or laterally recumbent at any dose of fentanyl. Mydriasis was observed in all cats immediately after drug administration, and the duration of mydriasis increased in a dose-dependent manner. Vomiting and respiratory depression were not observed in any cat.
In the present study, we evaluated behavioral effects induced by intravenous administration of morphine and fentanyl at various doses in dogs and cats. The lowest doses of morphine (0.3 mg/kg) and fentanyl (5 g/kg) were determined based on a single intravenous administration dose for analgesia in dogs [4, 5] . To compare the behavioral effects induced by morphine and fentanyl in dogs and cats, we used both opioids in the same dose range.
Morphine depressed locomotor activity in dogs. Most dogs given higher doses of morphine became sternally or laterally recumbent and appeared to lose consciousness. Although morphine depressed locomotor activity in cats, the behavioral changes in cats were quite different from those in dogs. They maintained an immobile sitting position with fixed staring, and were conscious during the observational period. No excitement or any aggressive responses resembling opioid mania were not observed in cats.
The early literature reported that intraperitoneal administration of morphine induced excitation, aggressive behaviors, and even hallucinations and seizures in cats [1, 2] . However, much higher doses (10 and 20 mg/kg) than clinical doses of morphine were administered in those studies, and the authors suggested that the excitement observed in experimental or clinical cases might be the result of an overdose [1, 2] . In the present study, clinical and supraclinical doses of morphine induced distinctive behavioral changes in cats, immobilization without loss of consciousness, in contrast to the loss of consciousness in dogs. Our results indicate that clinical doses of morphine do not induce excitement in cats under usual conditions.
Fentanyl depressed locomotor activity in dogs. Most dogs that received higher doses of fentanyl became sternally or laterally recumbent and appeared to lose consciousness. Respiratory depression was frequently observed in dogs that received higher doses of fentanyl. In contrast, fentanyl stimulated locomotor activity in cats. Cats became restless and ran around the room immediately after administration of fentanyl, but they did not seem to be excited or aggressive because they did not resist to handling. These behavioral changes ceased within a few minutes. All cats subsequently remained awake and did not become sternally or laterally recumbent.
Fentanyl has exclusively high affinity for -opioid receptors, while morphine has affinity for -and -opioid receptors [11] . It is known that -and -opioid receptor agonists stimulate locomotor activity in horses, but locomotor stimulation is generally less marked with -opioid receptor agonists than with -opioid receptor agonists [10, 12] . The effects of fentanyl on locomotor stimulation in cats may be more potent than those of morphine because of the differences in affinity to -and -opioid receptors between morphine and fentanyl.
The species differences in behavior induced by opioids may have resulted from the differences in the distribution of opioid receptors in the central nervous system. One study showed that the distributions of -and -opioid receptors in the frontal cortex, somatosensory cortex, midbrain, and cerebellum differ between horses and dogs [7] . However, the distribution of opioid receptors in the central nervous system in cats is unclear; further detailed investigation is required.
In conclusion, clinical or supra-clinical doses of morphine depressed the activity and level of consciousness in dogs and induced immobilization in cats; however, excitation referred to as opioid mania was not observed in cats. Clinical or supraclinical doses of fentanyl depressed the activity and level of consciousness in dogs and induced temporal stimulation of locomotor activity but not excitation in cats. Further investigations of the differences in anatomical distribution, function, and pharmacokinetics of opioids between dogs and cats are required to elucidate the species differences.
